Background and Purpose-Carotid intima-media thickness and electrocardiographic left ventricular hypertrophy are 2 subclinical cardiovascular disease measures associated with increased risk of total and ischemic strokes. Increased intima-media thickness and electrocardiographic left ventricular hypertrophy also may reflect end-organ hypertensive effects. Information is scant on the associations of these subclinical measures with intracerebral hemorrhage (ICH). We hypothesized that greater carotid intima-media thickness and the presence of electrocardiographic left ventricular hypertrophy would be independently associated with increased ICH incidence. Methods-Among 18 155 participants initially free of stroke in the Atherosclerosis Risk in Communities Study (ARIC) and the Cardiovascular Health Study (CHS), we assessed carotid intima-media thickness, carotid plaque, and electrocardiographic left ventricular hypertrophy. Over a median of 18 years of follow-up, 162 incident ICH events occurred. Results-After adjustment for other ICH risk factors, carotid intima-media thickness was associated positively with incidence of ICH in both ARIC and CHS. The risk was lowest in study-specific Quartile 1, elevated 1.6-to 2.6-fold in Quartiles 2 to 3, and elevated 2.5 to 3.7-fold in Quartile 4 (PϽ0.05 for both studies). In CHS, having a carotid plaque was associated with a 2-fold (95% CI, 1.1-3.4) greater ICH risk than having no plaque, but only 1.2-fold (95% CI, 0.76 -2.0) greater ICH risk in ARIC. Electrocardiographic left ventricular hypertrophy carried a hazard ratio of ICH of 1.7 (95% CI, 0.77-3.7) in CHS and 2.8 (95% CI, 1.2-6.4) in ARIC. Conclusions-Our data suggest that people with carotid atherosclerosis and possibly left ventricular hypertrophy are at increased risk not only of ischemic stroke, but also of ICH. Whether other vascular risk factors are involved in ICH etiology is less clear. In 1 meta-analysis, additional ICH risk factors included male sex and high alcohol intake, but smoking, diabetes, and physical inactivity did not elevate risk. 2 Another meta-analysis of studies from the Asia-Pacific region found smoking and possibly diabetes associated with greater ICH risk, whereas body mass index and blood triglycerides were unrelated to ICH. 3 In a previous report on ICH occurrence through 2002 in the Atherosclerosis Risk in Communities Study (ARIC) and the Cardiovascular Health Study (CHS), ICH risk factors included age, black ethnicity, higher systolic blood pressure, lower low-density lipoprotein cholesterol and triglycerides, and high fibrinogen. 4, 5 Follow-up of the ARIC and CHS cohorts has been extended for 5 more years, which allows us to examine additional potential risk markers for ICH. Carotid intima- 
D espite a sizeable decline over the last 50 years, stroke remains the third leading cause of death in the United States. 1 Intracerebral hemorrhage (ICH) is less common in the United States than ischemic stroke, but ICH has a high case-fatality. Persons of black or Asian ancestry have higher ICH rates than do whites. Other established risk factors for ICH include age, hypertension, and low blood total cholesterol. 2, 3 Whether other vascular risk factors are involved in ICH etiology is less clear. In 1 meta-analysis, additional ICH risk factors included male sex and high alcohol intake, but smoking, diabetes, and physical inactivity did not elevate risk. 2 Another meta-analysis of studies from the Asia-Pacific region found smoking and possibly diabetes associated with greater ICH risk, whereas body mass index and blood triglycerides were unrelated to ICH. 3 In a previous report on ICH occurrence through 2002 in the Atherosclerosis Risk in Communities Study (ARIC) and the Cardiovascular Health Study (CHS), ICH risk factors included age, black ethnicity, higher systolic blood pressure, lower low-density lipoprotein cholesterol and triglycerides, and high fibrinogen. 4, 5 Follow-up of the ARIC and CHS cohorts has been extended for 5 more years, which allows us to examine additional potential risk markers for ICH. Carotid intima-media thickness (IMT) and electrocardiographic left ventricular hypertrophy (ECG-LVH) are 2 subclinical cardiovascular disease measures associated with increased risk of total and ischemic strokes. Increased IMT and ECG-LVH also may reflect end-organ hypertensive effects. Information is scant on the associations of these subclinical measures with ICH. We hypothesized that greater carotid IMT and the presence of ECG-LVH would be independently associated with increased ICH incidence.
Methods

Study Populations
The ARIC study cohort comprised a sample of 15 792 individuals aged 45 to 64 years at baseline when recruited between 1987 to 1989 from 4 communities: Forsyth County, NC; Jackson, MS (blacks only); Washington County, MD; and the northwestern suburbs of Minneapolis, MN. 6 The CHS cohort comprised adults randomly sampled from Medicare eligibility files from 4 communities: Forsyth County, NC; Sacramento County, CA; Washington County, MD; and Pittsburgh, PA. 7 CHS initially recruited 5201 participants in 1989 to 1990 and added 687 blacks in 1992 to 1993. These studies received approval from relevant human subjects review boards, and all participants gave consent.
Baseline Assessments
As previously described, 4,5 the use of similar methods in ARIC and CHS to assess most risk factors allowed for the pooling of the studies for many analyses. ARIC and CHS obtained standard resting 12-lead electrocardiograms. ECG-LVH was defined 2 ways: (1) by Minnesota Codes (3-1 or 3-3) and (any of 4-1 to 4-3 or 5-1 to 5-3), which represent high-amplitude left chest R waves and ST-T changes 8 ; and (2) by Cornell voltage criteria. 9 High-resolution B-mode ultrasound (Biosound 2000 II SA; Biosound, Indianapolis, IN) was used in ARIC to measure IMT bilaterally in the extracranial carotid arteries in the areas of the common carotid artery (1 cm proximal to the dilatation of the carotid bulb), the carotid bifurcation (1 cm proximal to the flow divider), and the internal carotid artery (1 cm distal to the flow divider). The mean IMT values at the 6 carotid sites were combined to produce an overall mean IMT. Correlations between scans at different visits 7 to 10 days apart performed by different sonographers and read by different readers were 0.77, 0.73, and 0.70 for the bifurcation, internal, and common carotid, respectively. The presence of atherosclerotic plaque at any of the 6 segments was recorded by ARIC ultrasound readers as wall thickness in excess of 1.5 mm or the presence of lumen encroachment or irregular intimal surface and/or image characteristics indicative of structural heterogeneity of the arterial wall. 10 In CHS, trained technicians used high-resolution B-mode ultrasonography (Toshiba SSA-270A; Toshiba American Systems, Tustin, CA) to obtain 1 longitudinal image of the common carotid artery and 3 images of the internal carotid artery bilaterally. 11, 12 Arterial segments imaged in CHS were similar to those in ARIC, but CHS sonographers focused on imaging the largest lesion or thickness. Ultrasounds were centrally read for mean and maximum IMT as previously described. 12 IMT repeatability data in CHS have been published. 12 Carotid plaque, defined by the appearance of the largest focal lesion, was classified by surface characteristics, echogenicity, and texture. Absence of plaque was defined as a smooth intimal surface with no regional discrete plaque. Intermediate risk plaques were hyperdense, calcified, or homogeneous plaques or those with a mildly irregular surface. High-risk plaques had an irregular or ulcerated surface or were hypodense or heterogeneous plaques occupying Ͼ50% of the total plaque volume. For this analysis, intermediate-risk and high-risk plaques were grouped and compared with no plaque.
Stroke Ascertainment and Criteria
ARIC identified nonfatal and fatal hospitalized strokes through yearly phone interviews, reported deaths and surveillance, abstraction, and review of hospital records. 13 CHS identified fatal and nonfatal hospitalized and nonhospitalized strokes through semiannual phone interviews, reported deaths, and abstraction and review of relevant hospital records identified from Medicare utilization files. 14, 15 ARIC adapted National Survey of Stroke criteria for its stroke definition. 16 These criteria require stroke to have evidence of sudden or rapid onset of neurological symptoms that persist for Ͼ24 hours or lead to death and have no other apparent cause such as trauma, tumor, infection, or anticoagulation therapy. A definite ICH met 1 of the following criteria: (1) CT or MRI showing intraparenchymal hematoma; (2) demonstration at autopsy or surgery of ICH; or (3) at least 1 major or 2 minor neurological deficits; a bloody spinal fluid on lumbar puncture; and cerebral angiography demonstrates an avascular mass effect and no evidence of aneurysm or arteriovenous malformation and no CT or MRI. A probable ICH met criteria (3), other than cerebral angiography, but had a decreased level of consciousness or coma lasting 24 hours or until the participant died. In ARIC, 99% of hospitalized strokes received a CT or MRI.
CHS adopted stroke criteria similar to the Systolic Hypertension in the Elderly Program (SHEP). 14,17 A suspected event was classified as a stroke if there was a rapid onset neurological deficit lasting Ͼ24 hours or until death. The event could not be caused by trauma, tumor, or infection, but in contrast to ARIC, an ICH at the time of being on anticoagulation therapy did not preclude an ICH classification in CHS. Only 13 participants with an ICH in CHS were potentially taking anticoagulation medication. Their exclusion had little impact on results as would be expected from the small numbers and because anticoagulation was only weakly correlated with exposures of interest. A suspected hemorrhagic stroke was classified as an ICH if (1) there was CT or MRI evidence of ICH; or (2) bloody cerebrospinal fluid on lumbar puncture with a focal deficit; or (3) autopsy or surgical evidence indicated ICH. In CHS, 83% of stroke events (88% of ICHs) had brain imaging.
Data Analysis
The combined cohort had 21 680 participants at baseline with follow-up through December 31, 2007. For analysis, we excluded any participants who reported a history of stroke at baseline (nϭ582) or were not black or white (nϭ87); who were missing carotid IMT, carotid plaque, or ECG-LVH data (nϭ1773); or who were missing covariates (nϭ1083), leaving 18 155 (13 079 in ARIC, 5076 in CHS). The outcome of interest was the first definite or probable incident ICH.
The associations of baseline carotid IMT (study-specific quartiles or continuous), carotid plaque (yes, no), or ECG-LVH (yes, no) with incident ICH were of primary interest. Study-specific analyses of IMT were used because of the difference in protocols for ARIC (mean IMT) and CHS (maximum IMT). Hazard ratios were calculated using Cox proportional hazard models as implemented in SAS 9.2 (SAS Institute, Cary, NC). We adjusted for baseline variables associated with ICH in our previous reports. 4, 5 Model 1 included age (continuous), race (black, white), cigarette smoking (yes, no), lowdensity lipoprotein cholesterol (continuous), natural log triglycerides (continuous), and fibrinogen (continuous). Model 2 added systolic blood pressure (continuous). A quadratic term for systolic blood pressure was also tested but was found to be unimportant. Two-way multiplicative interactions between IMT or left ventricular hypertrophy and age, study (ARIC, CHS), sex, and race were examined and none was significant at PϽ0.01.
In a sensitivity analysis, we reran results after imputing missing values for the main exposure variables (IMT, plaque, and left ventricular hypertrophy) and covariates. We did this to include the maximum sample size possible. We used multiple imputation, a strategy that replaces each missing value with a random sample of plausible values that represent the uncertainty about the right value to impute. 18 Imputation was carried out using PROC MI in SAS separately for ARIC and CHS. Hazard ratio and 95% CI estimates were derived using PROC MIANALYZE by combining the results of analyses carried out on 5 imputed data sets.
Results
As depicted in Table 1 , the combined ARIC and CHS cohort initially free of stroke and used in this analysis included 18 155 participants, of whom 44% were men, 21% black, and 28% were Ͼ65 years at baseline (ie, in CHS). Over a median of 18 years of follow-up, 162 ICH events were identified in this analytic subset (69 ARIC and 93 CHS). The crude incidence rate of ICH was approximately 5 times higher in CHS (15 per 10 000 person-years) than in ARIC (3 per 10 000 person-years), reflecting the difference in age of the 2 cohorts.
Similar to previously reported results, 4,5 now with further follow-up, the simultaneously adjusted hazard ratios of ICH for major risk factors were: 1.61 (95% CI
Carotid IMT was associated positively with incidence of ICH in both ARIC and CHS (Table 2 ). In Model 1, which excluded blood pressure, the risk was lowest in study-specific Quartile 1, elevated 1.67-to 2.73-fold in Quartiles 2 to 3, and elevated 2.77-fold (CHS) to 4.26-fold (ARIC) in Quartile 4. Quadratic IMT terms were not significant in the ICH regression models. In continuous IMT Model 1, the ICH incidence rose 25% to 39% per SD increment of IMT (Table 2) . Adjustment for systolic blood pressure in Model 2 moder- ately attenuated the associations between carotid IMT and ICH incidence. For example, in Model 2, ICH incidence was estimated to rise 19% to 34% per SD increment of IMT (Table 2) . Having a carotid plaque was associated with a 2.05-fold greater ICH risk than having no plaque in CHS, but only 1.35-fold greater ICH risk in ARIC (Table 2, Model 1). Adjustment for systolic blood pressure (Model 2) attenuated these hazard ratios to 1.95 and 1.24, respectively.
As Table 3 shows, ECG-LVH was relatively rare but carried a hazard ratio of ICH in Model 1 of 1.98 (CHS) to 3.67 (ARIC). Overall, using the Cornell voltage criterion for ECG-LVH, the hazard ratio for ICH was 2.53 (95% CI, 1.45-4.43) in Model 1 and 2.07 (1.18 -3.65) with further adjustment for blood pressure in Model 2.
In the sensitivity analysis (not shown) to impute missing data and increase sample size (yielding 84 ICH events in ARIC and 104 in CHS), results were slightly weaker but qualitatively similar. For example, ICH incidence rose 16% to 29% per SD of IMT in the imputed analysis compared with 19% to 34% in Model 2 of Table 2 . With imputation, the Model 2 hazard ratios for ICH in relation to carotid plaque were: 1.58 (95% CI, 0.96 -2.62) for CHS and 1.42 (0.89 -2.27) for ARIC, which were similar to the unimputed values in Table 2 . Likewise, the sensitivity analysis involving imputed data yielded an overall Model 2 hazard ratio for ICH of 1.88 (1.15-3.20) for the Cornell LVH criterion, only somewhat smaller than the hazard ratio of 2.07 in Table 3 .
Discussion
In these prospective population-based studies, the incidence rate of ICH was increased approximately 3-fold in participants in the highest versus lowest quartile of carotid IMT (ARIC and CHS, separately). ICH incidence also was increased approximately 2-fold in CHS participants with carotid plaque and 2-to 3-fold in participants with ECG-LVH (ARIC and CHS combined). The observed associations were independent of other measured ICH risk factors, namely age, race, cigarette smoking, fibrinogen, and lower cholesterol and triglyceride levels. Systolic blood pressure seemed to account for part of the observed associations, as evidenced by a comparison of Model 1 and Model 2 hazard ratios.
A major limitation of our study is the small number of ICH events, which limited statistical power. Some measures (eg, ECG-LVH) could be pooled between ARIC and CHS, but others could not (carotid IMT and echocardiographic left ventricular hypertrophy), which further limited power. To maximize sample size, we ran a sensitivity analysis using imputed data for missing values; results were similar to the main analysis. We did not have information on location of ICH (for example, lobar versus nonlobar); evidence suggests that ICH risk factors differ by location. 19, 20 The interpretation of the associations observed is somewhat complicated. It does not seem likely that increased carotid IMT/plaque or left ventricular hypertrophy would be direct causes of ICH. At least part of these associations seemed explained by high blood pressure being associated with carotid IMT plaque, left ventricular hypertrophy, and ICH, yet adjustment for blood pressure level did not fully eliminate the associations, but measurement error may provide for incomplete adjustment. Instead, these associations may merely reflect the fact that carotid atherosclerosis and left ventricular hypertrophy represent integrated measures of hypertensive end-organ damage not accounted for by simply adjusting for blood pressure. These end-organ pathologies may include weakening of intracerebral arteries or perhaps increased risk of amyloid angiopathy.
Regardless of any etiologic implications, our data do suggest people with carotid atherosclerosis and possibly left ventricular hypertrophy are not only at increased risk of ischemic stroke, but also of ICH. , systolic blood pressure (continuous), current smoking (yes, no), LDL cholesterol (continuous), natural log triglycerides (continuous), and fibrinogen (continuous). † IMT quartiles were study-specific. ‡ One SD of IMT was ARIC: 0.19 mm and CHS: 0.34 mm § Crude incidence rate per 10,000 person-years ‖ Observations with missing values for IMT or plaque or covariates were included by imputing these values by multiple imputation (PROC MI in SAS) in prior to the analysis. Hazard ratio estimates and 95% confidence intervals were calculated for five imputed datasets, and they were combined using PROC MIANALYZE. There were 84 and 104 ICH cases in ARIC and CHS, respectively, in the imputed dataset.
